Years Ago
The Romanes Lecture … was a scathing indictment of the ineptitude of the lawyer-politicians who possess a dominating influence on national affairs … To the neglect of science, and the excessive predominance in Parliament and the Government of men with the spirit of the advocate to whom all evidence which will not support their case is unwelcome, Prof. Poulton ascribes the chief mistakes in the conduct of the war. From Nature 22 November 1915
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I t has long been known that a testisdetermining factor (TDF) on the Y chromosome kick-starts testis development in humans and other mammals. The testes make hormones, and these hormones make the embryo male. Twenty-five years ago, Sinclair et al. 1 reported in Nature that TDF was the gene SRY. This discovery opened up the surprisingly intricate genetic pathway that determines whether a baby is born a boy or a girl. It also led to an understanding of how genes on the Y chromosome evolved, and of the impact of this key evolutionary event.
Until the 1980s, there was no viable candidate sex-determining gene. Just where was TDF located? What kind of product did it encode? What did it do? During the 1980s, the position of TDF was narrowed down to a small region on the short arm of the Y chromosome, when it was found that some males had XX chromosomes that harboured a small piece of the Y, whereas some females had XY chromosomes that lacked bits of the Y -these added and deleted regions of Y were assumed to contain the TDF sequence. The race was then on to find TDF.
In 1987, the geneticist David Page and his associates 2 identified the first coding gene on the human Y, called ZFY. The gene looked like a winning candidate: it was in the right place; it was expressed in the testis; and it was evolutionarily conserved in other placental mammals, such as monkeys, mice, dogs and horses. But in 1988, PhD students in my laboratory 3 , Andrew Sinclair and Jamie Foster, mapped ZFY to a non-sex chromosome (an autosome) in marsupials, which are a separate branch of mammals. A few months later, it was found 4 that, although ZFY is expressed in mouse sperm precursors, it is absent from the other cells of the testis, where a true TDF must be expressed to exert a sex-determining effect.
Sinclair joined a renewed hunt for human TDF in the laboratory of geneticist Peter Goodfellow, using DNA from XY males that had even smaller pieces of the Y than had previously been studied. This was slow and frustrating work, because the Y chromosome is full of repetitive sequences and so specific regions are hard to pinpoint. It was 1990 before they found 1 a small coding gene close to the end of the Y chromosome ( Fig. 1) . Noncommittally they called the gene SRY, for sex region on the Y. The final proof that SRY was the TDF came from the discovery of SRY mutations in XY females 5 and from the demonstration that adding Sry to XX mice was sufficient to induce male development 6 . SRY was located on the Y in other placental mammals and, thankfully, even in marsupials 7 .
Researchers in the field imagined that identifying TDF would rapidly lead to an understanding of how it worked, and would point to other genes in the sex-determining pathway. But 25 years on, it has become clear that the pathway kick-started by SRY is complex, full of checks and balances.
Initially, SRY proved a puzzle because it was unlike any known gene. It turned out to be a member of a previously unidentified family, now called the SOX genes. Painstaking biochemical studies of the SRY protein revealed that it bound to a certain DNA sequence and bent it at an angle, presumably to bring other sequences -or the proteins bound to theminto proximity, promoting or inhibiting transcription 8 . The discovery of a different
In retrospect

Twenty-five years of the sex-determining gene
The discovery that the gene SRY on the mammalian Y chromosome drives testis development marked a turning point in the decades-long quest to understand the genetic underpinnings and evolution of sex determination. SOX gene that was disrupted in XY female babies with a severe bone deformity 9, 10 revealed that this gene, SOX9, is the binding target of SRY protein. SOX9 is now known to be a master regulator of sex determination throughout the vertebrates.
Studying the mutations that cause sex reversal in humans, mice, goats or dogs (the same pathway is active in all mammals) has proved a successful strategy for identifying many genes in the sex-determination pathway. Gradually, a network of genes that are regulated by, or regulate, SRY or SOX9 has been constructed, and their function tested by mutating the genes in mice 11 . Some genes promote testis formation, some maintain it, and yet others oppose them. This pathway and its control is still being explored. Our improved understanding has helped us both to answer fundamental scientific questions and to diagnose and treat many babies who are born with disorders of sex determination 12 .
The other major line of research enabled by the identification of SRY was the evolution of sex genes and chromosomes. The hunt for SRY in marsupials revealed that mammals have an SRY-related gene on the X chromosome, SOX3, which was proposed to be the ancestor of SRY 13 . This idea is supported by human and mouse data 14 that showed that misexpression of SOX3 in the undifferentiated gonad (a tissue can develop into either an ovary or a testis, depending on the signals it receives) drives male development in XX embryos. SRY probably evolved from SOX3 when its 5ʹ region was replaced by a promoter sequence that drove expression in the gonad (Fig. 1) .
Although it might seem counterintuitive that the testis-determining factor evolved from the X chromosome, it has since emerged 15 that 20 of the 27 genes on the male-specific part of the human Y evolved from genes on the X. Thus, the Y is basically a degraded X chromosome. This supports the hypothesis that sex chromosomes originate when one member of an autosome pair acquires a sexdetermining gene. Nearby genes then also acquire a sex-specific function, crossing over between the chromosome pair is suppressed to keep the male-specific gene package together, and the genetically isolated region on the sexspecific chromosome degrades rapidly 15, 16 . The mammalian XY sex pair was probably defined by the evolution of SRY. Vertebrate phylogeny puts the age of SRY and the XY pair at between 166 million and 190 million years old. Furthermore, rapid speciation in other lineages that have undergone sex-chromosome turnover raises the possibility that acquisition of SRY might have driven the divergence of the egg-laying monotreme mammals from the rest of the mammalian lineage -monotremes have a bizarre, complex sex-determination system that is related to bird sex chromosomes 17 . The future of the Y chromosome is now hotly debated. Evidence suggests that the mammalian Y will disappear in just a few million years if gene loss continues at the same rate as in the past 18 . It has already disappeared in two groups of rodents, and SRY has been replaced by another gene from the sexdetermining network 19 . 
